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I. INTRODUCTION 

The A r g o n n e E x p e r i m e n t e d B r e e d e r R e a c t o r II (EBR-I I ) i s a n u n m o d -
e r a t e d , h e t e r o g e n e o u s , s o d i u m - c o o l e d r e a c t o r and p o w e r p l an t wi th a p o w e r 
output of 62.5 m e g a w a t t s (mw) of h e a t . T h e e n e r g y p r o d u c e d in t h e r e a c t o r 
i s c o n v e r t e d to 20 m w of e l e c t r i c i t y t h r o u g h a conven t iona l s t e a m c y c l e . The 
r e a c t o r i s fue led wi th U^^^ o r p l u t o n i u m , and the p l an t i n c l u d e s a n i n t e g r a l 
fuel p r o c e s s i n g f ac i l i t y w h e r e the i r r a d i a t e d fuel i s p r o c e s s e d , f a b r i c a t e d , 
and a s s e m b l e d for r e t u r n to the r e a c t o r . 

The p r e l i m i n a r y d e s i g n of t h i s plajat w a s d e s c r i b e d at the F i r s t I n t e r ­
n a t i o n a l C o n f e r e n c e on the P e a c e f u l U s e s of A t o m i c E n e r g y in 1955 ( P a p e r 
No . p / 5 0 1 ) . Al though the b a s i c d e s i g n c o n c e p t and o b j e c t i v e s have r e m a i n e d 
unchanged , m a n y m o d i f i c a t i o n s have b e e n m a d e in t h e d e t a i l e d d e s i g n , i n c l u d ­
ing s e p a r a t i o n of t h e f a c i l i t y in to s e v e r a l p l a n t s and p r o v i d i n g c o n t a i n m e n t 
for the r e a c t o r s y s t e m . 

The s e p a r a t i o n s p r o c e s s e m p l o y e d p e r m i t s the bu i ldup of c e r t a i n 
f i s s i o n p r o d u c t s ; o p e r a t i o n of the pleint wi l l d e t e r m i n e the effect of bu i ldup 
of t h e s e f i s s i o n p r o d u c t s , a s we l l a s the bu i ldup of the h i g h e r i s o t o p e s of 
u r a n i u m and p l u t o n i u m . 

The E B R - I I i s p r i m a r i l y an e n g i n e e r i n g f a c i l i t y to d e t e r m i n e t h e 
f e a s i b i l i t y of t h i s type of r e a c t o r for c e n t r a l s t a t i o n p o w e r p lan t a p p l i c a t i o n . 
Major e m p h a s i s h a s b e e n p l a c e d on a c h i e v i n g high t h e r m a l p e r f o r m a n c e 
a t h igh t e m p e r a t u r e s , and high fuel b u r n u p wi th a f a s t and e c o n o m i c a l fuel 
c y c l e . The t h e r m a l p e r f o r m a n c e of the r e a c t o r and the s i z e of t h e s y s t e m 
c o m p o n e n t s a r e s u c h a s t o p e r m i t d i r e c t e x t r a p o l a t i o n to c e n t r a l s t a t i o n 

* Argonne Na t iona l L a b o r a t o r y , L e m o n t , I l l i n o i s , U.S.A. 
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application. The plant has been designed to pe rmi t a maximum of exper imen­
tal operat ional flexibility by separa t ion of the plant s y s t e m s , and yet pe rmi t 
extrapolation to a commerc ia l plant which w^ould not requ i re the same degree 
of separa t ion . 

The EBR-II Faci l i ty consis ts of seve ra l buildings, each of them hous­
ing a major par t of the plajit. The genera l arraj igement of the Fac i l i ty is 
shown in F igure 1. The reac to r and p r i m a r y sodium coolant sys t em a re 
housed in the Reactor Plant which is a s teel containment vesse l 80 ft in d iam­
e te r and approximately 140 ft high. The Power Plant contains the turbine 
genera tor and assoc ia ted s team and e lec t r i ca l equipment. It a lso contains 
the control room for the r eac to r and power cycle . The P r o c e s s Plaxit con­
tains the facil i t ies for p rocess ing and fabricat ion of the fuel. The Sodium 
Plant houses the secondary sodium pump and assoc ia ted equipment, and the 
Boiler Plant houses the sodium to water s team genera to r . These bviildings 
a re interconnected with the Reactor Plant and Power Plant by sodium or 
s team piping as shown. 

Fig, 1. EBR-II Plant 

Construction of the plant was s t a r t ed late las t year at the National 
Reactor Testing Station in Idaho. The construct ion design of the plant has 
been proceeding concurrent ly and at the t ime of this meeting is near ing com­
pletion. Construct ion of the reac tor building containment shell i s scheduled 
for completion in October. Other construct ion is in p r o g r e s s . 

Ivlajor construct ion is scheduled for completion by April I960. P r e ­
operat ional test ing and c r i t i ca l exper iments will be init iated at that t i m e . 
Operation of the r eac to r and power sys tem will follow^. 
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The presen t es t imate of cost of the plant is $29,000,000. This includes 
engineering and construction of the ent i re facili ty. The plant is being con­
s t ruc ted on a new site ajid includes all general si te development and suppor t ­
ing facil i t ies as well as the r eac to r , complete power cycle , and fuel cycle 
faci l i t ies . 

A. The Power Cycle 

Heat is removed from the reac to r by the p r i m a r y sodium coolant 
sys tem and t r a n s f e r r e d to the secondary sodium sys tem in a shel l -and- tube 
heat exchanger . The secondary sys tem t r ans fe r s the heat to the s team gen­
e ra to r where superheated s team is produced to dr ive a conventional t u rb ine -
genera to r . 

The p r i m a r y sodium flow ra te i s 8200 gpm, enter ing the reac to r at 
700°F and leaving at 900°F. The secondary sodium flow ra te is 6050 gpm, 
enter ing the heat exchanger at 6lO''F and leaving at 880°F. The secondary 
sodium en te r s the superhea te r at 880°F, leaves at 808°F, en te r s the evapora ­
tor at this t e m p e r a t u r e , and leaves at 610°F. 249,000 Ib /h r of feedwater is 
supplied to the evaporator at a t empera tu re of 550*'F. Saturated s team at 
1310 psig (SSO^F) flows through the separa to r and superhea te r , leaving at 
850°F. The superheated s t eam is employed to drive the tu rb ine -genera to r , 
to drive the feed-water pump turbine, for d i rec t feed-water heating, and to 
maintain a minimum by-pass flow around the tu rb ine -genera to r to the con­
denser . A full capaci ty s t eam by-pass sys tem is provided to pe rmi t r eac to r 
operat ion without tu rb ine -genera to r operation, or with turbine load at any 
fraction of r eac to r power. Feed -wa te r heating is accomplished by extract ion 
from the main turbine , the exhaust from the feed-water pump turbine , and 
high p r e s s u r e s team from the main s team l ine. 

The three heat t ransfe r sys tems a re shown in F ig . 2 which is a ske le ­
ton flow sheet of the power cycle . It is based on a r eac to r power output of 
62.5 mw, and 5000 Ib /h r of steann by-pass to the condenser . 

B . The Fuel Cycle 

I r rad ia ted fuel from the reac to r will be cooled for only 15 days p r io r 
to t r ans fe r to the P r o c e s s Plant for decanning and process ing . The p r o c e s s ­
ing facil i t ies a re contained in two shielded cells located in the P r o c e s s Plant . 
The l a rge r of these cells contains the equipment for decanning spent fuel and 
blanket e lements , for p rocess ing them, and for fabricating the fuel into new 
e lements . This cell is gastight and contains an iner t a tmosphere of high-
puri ty argon. The second cell is a conventional shielded hot cell with am air 
a tmosphere and is used for a ssembly of subassembly units as well as s e r ­
vice work for the main cel l . 
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Fig. 2. EBR-II Skeleton Flow Diagram 

I r rad ia ted fuel a s sembl ies a r e d i sassembled in the a i r cell and the 
individual fuel e lements a r e t r a n s f e r r e d to the iner t gas ce l l . Here the e l e ­
ments a re mechanical ly decanned. The ba re fuel pins a re then charged to a 
furnace in 10-ki logram batches and mel ted in an environment deficient in 
oxygen. Under these conditions, the volatile and noble gas fission products 
a re r e l eased to the furnace a tmosphere and those fission products whose ox­
ides a r e more stable than uranium oxide (cer ium, r a r e ear ths) appear in the 
d ross or s lag. The ingot resul t ing from this melting operat ion contains u r a ­
nium, plutonium, and the fission products Zr , Nb, Mo, Ru, Rh, Pd and p r e ­
sumably Tc . These e lements reach an equi l ibr ium value, and it i s the 
"es t imated equi l ibr ium" alloy that will be used for the EBR-II fuel. The in­
got produced by the process ing furnace is r emel ted in an inject ion-cast ing 
furnace and new fuel pins a r e cas t d i rec t ly to size in expendable Vycor 
molds . The pins a re then cut to length and inspected p r io r to r e a s s e m b l y 
into new e lements . 
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The fuel pins a r e then assembled into new fuel e lements , sodium 
bonded, and tes ted . The finished e lements a re t r a n s f e r r e d from the argon 
a tmosphere cell to the air cell where they a re assembled into new s u b a s s e m ­
blies for r e tu rn to the r eac to r . 

The detai ls of this p roces s cycle and the design of the P r o c e s s Plant 
and facil i t ies a r e descr ibed in detail in another paper p r epa red for this 
conference.(1) 

II. PRIMARY SYSTEM 

The p r i m a r y sys tem is located in the Reactor Plant and includes the 
following: 

Reactor 
P r i m a r y Cooling System 
Control and Safety Drive Systems 
Fuel Handling System 

They a r e contained within a single, double-walled vesse l or " P r i m a r y Tank" 
26 ft in d iameter and 26 ft in depth. The r eac to r , the major components in 
the p r i m a r y cooling sys tem, and pa r t s of the drive sys t ems and fuel handling 
sys tem a re located below the liquid level of the bvilk sodium contained there in 
and operate submerged. A blanket of argon gas is maintained above the free 
surface of the sodium in the tcink. 

A. Reactor 

The reac to r consis ts of the various subassembl ies of fuel and blanket 
e lements , the gr id-plenum chamber assembly , the reac tor vesse l , and the 
reac to r cover as shown in F ig . 3. The reac tor is divided into th ree main 
radial zones: co re , inner blanket, and outer blanket. Twelve control rods 
a r e located at the outer edge of the co re , and two safety rods a re located 
within the core as shown in F ig . 4. 

Subassemblies 

Each radial zone of the reac tor is compr i sed of right hexagonal sub­
assembl ies 2.29 in. a c r o s s external flats of the hexagon with a 0.040 in. hex­
agonal tube wall th ickness . All subassembl ies a r e of identical s i ze . The 
subassembl ies a r e spaced on a t r iangular pitch of 2.32 in. center d is tance . 
A nominal c learance of 0.030 in. between each subassembly pe rmi t s removal 
of the units from the r eac to r . Each face of the core and inner blanket sub­
assembly hexagonal tubes contains a projection or "button" 3/8 in. dianneter 
by 0.014 in. high. The buttons a r e located approximately at the horizontal 
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Fig. 3. EBR-II Reactor 
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Fig. 4. Reactor Arrangement 
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cente r - l ine of the reac tor and provide a plane of contact at that location. The 
upper end of each subassembly (including control and safety subassembl ies) 
is identical . All subassembl ies a r e accommodated by the same handling and 
t r ans fe r devices . Each subassembly contains a number of fuel and /o r blanket 
e lements , of size and shape appropr ia te to the par t icu la r type of subassembly . 

The core , including the control and safety rods , has an equivalent r a ­
dius of 9.52 in. (27.17 cm) and a height of 14.22 in. (36.12 cm); a total core 
volume of 66.3 l i t e r s . Located in the core zone a r e 47 core subassembl ies , 
2 safety subassembl ies , and 12 control subassembl i e s . The twelve control 
rods and the two safety rods consis t of modified movable core subassembl i e s . 
The rods , plus thei r s ta t ionary th imbles , compr ise the control and safety 
subassembl ies . The external dimensions and lat t ice spacing of the thimbles 
a r e identical to the core and blanket subassembl ies . 

The core subassembly (Fig. 5) is compr ised of th ree "act ive" sect ions; 

CTIO 

BLANKET 

SECTION 
CORE SECTION 

(91 CORE ELEMENTS) 

BLANKET 

SECTION 2.290" 

Fig. 5. EBR-II Core Subassembly 

upper blanket, co re , and lower blanket. The core section consis ts of 91 cy­
l indr ical fuel e lements spaced on a t r iangular lat t ice by a s ingle, helical r ib 
on the outside of each element . The e lements a re supported within the sub­
assembly by fastening thei r lower ends to a para l le l s t r ip support gr id . The 
upper ends a re unres t ra ined . The fuel e lements a re "pin type," consist ing 
of a right c i r cu la r cylinder or pin of fuel alloy (0.144 in. d iameter by 14.22 in. 
long) fitted into a thin-walled, s ta in less steel tube as shown in F ig . 6. The 
coolant flows along the outside of the fuel element tube. 

The fuel pin is contained in a s ta in less s teel tube with a 0.006 in. 
sodium filled annulus between the pin and the inside of the tube to provide a 
the rmal bond. An iner t gas space is provided above the sodium to accom­
modate expansion of the sodium. The fuel e lement tube is welded closed at 
each end. 

The upper and lower blanket sect ions a r e identical in construct ion 
and each consis ts of 19 pin-type e lements spaced on a t r iangular la t t ice . The 
unalloyed depleted uranium pins a re 0.316 in. d iameter and total 18 in. long. 

7 



-.049 SPACING WIRE 

L. 
.174 O.D. X .009 WALL TUBIN6 

T" 
SE)@ 

r 2.690-

CAP 

PREASSEMBLED FUEL ELEMENT TUBING, SPACING WIRE a ADAPTER 

• 14.22 

FUEL PIN 

- . 4 0 GAP 

L. a LEVEL FUEL ELEMENT ASSEMBLY 

_L 

H 144 DIA. 

" — - n F & 

H .376 O.D. X .022 WALL TUBING 

jm 
BLANKET ELEMENT TUBING ft END PLUG 

• = 0 

END PLUG SPRING 

.. 9.00 h 9.00 
4 

BLANKET PINS- L .316 DIA. 

mama 
I—Na LEVEL UPPER a LOWER BLANKET ELEMENT ASSEMBLY 

Fig. 6. Core Subassembly Elements 

T h e y a r e c o n t a i n e d wi th in a s t a i n l e s s s t e e l tube wi th a 0 .008 in . s o d i u m f i l l ed 
annu lus to p r o v i d e the n e c e s s a r y t h e r m a l bond . The d e t a i l s of t h e u p p e r and 
l o w e r b l a n k e t e l e m e n t s a r e shown in F i g . 6. 

Both ends of the b l anke t e l e m e n t s a r e p o s i t i o n e d in t h e s u b a s s e m b l y 
by a p a r a l l e l s t r i p g r i d s i m i l a r to t h a t e m p l o y e d for the fuel e l e m e n t s . Axia l 
e x p a n s i o n i s p e r m i t t e d , but o t h e r m o v e m e n t s a r e r e s t r i c t e d . 

The u p p e r a d a p t e r of the a s s e m b l y i s p r o v i d e d wi th an a t t a c h m e n t 
knob for the v a r i o u s g r i p p e r u n i t s , and a c o l l a r for the t r a n s f e r a r m . T h e s e 
a r e p r o v i d e d for fuel hand l ing p u r p o s e s . 

The l o w e r a d a p t e r i s a c y l i n d r i c a l n o z z l e , and s e r v e s the c o m b i n e d 
funct ion of l o c a t i o n and s u p p o r t in the r e a c t o r g r i d , and in l e t n o z z l e for the 
coo lan t . The b o t t o m end of the n o z z l e i s c l o s e d , and coo lan t e n t e r s the n o z ­
zle t h r o u g h h o l e s in the c y l i n d r i c a l w a l l . 

The i n n e r and o u t e r b l a n k e t s u b a s s e m b l i e s a r e e a c h c o m p r i s e d of 
19 c y l i n d r i c a l b l a n k e t e l e m e n t s s p a c e d on a c l o s e p a c k e d t r i a n g u l a r p i t ch 
and c o n t a i n e d in the h e x a g o n a l s u b a s s e m b l y a s shown in F i g . 7. The " a c t i v e " 
b l anke t s e c t i o n c o n s i s t s of d e p l e t e d u r a n i u m c y l i n d e r s (0 .433 i n . d i a m e t e r ) 
t o t a l i ng 55 in . in l e n g t h . T h e y a r e c o n t a i n e d in a s t a i n l e s s s t e e l tube wi th a 
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Fig. 7. EBR-II Inner Blanket and Outer Blanket Subassemblies 

0.012 in. annulus filled with stat ic sodium to provide a the rmal bond and an 
argon gas expansion region above the sodium. The end c losures a re welded 
to provide a sealed unit. 

The two types of blanket subassembl ies differ only in the design of 
the lower adapter . The inner blanket subassembly lower adapter is s imi la r 
to the lower adapter of the core subassembly, except that it is sma l l e r in 
d iamete r . The outer blanket subassembly lower adapter is smal les t in d iam­
eter eind also of different design. It contains an opening at the bottom end, 
through which the coolant e n t e r s . The two different lower adapters employed 
in the subassembl ies a r e shown in F ig . 7. 

Twelve identical control rods a re employed to provide operat ional 
control of the r eac to r . The control rod consis ts of a modified core subas ­
sembly with a core section compr ised of 6l fuel elennents identical to those 
employed in the core subassennbly. The control rod is encased in a hexagonal 
tube 1.908 in. a c r o s s f lats , which is sma l l e r than the hexagonal thimble tube 
by the equivalent of one row of fuel elennents. The control rod does not con­
tain cin axial blanket. A void section equivalent in height to the r eac to r core 
is provided above the core sect ion. During operat ion, this section if filled 
with the sodium coolant. A ref lector section of solid steel (except for flow 
passages for the coolant), is located immedia te ly above the void sect ion. The 
lower end of the control rod below the fuel section consis ts of a cylindrical 
tube also containing a steel ref lector sect ion. Bear ings a r e provided on this 
lower section which provide the guide between the control rod and the guide 
th imble . The control rod guide thimble is removable from the r eac to r in the 
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event of damage. It is locked in the lower r eac to r gr id by a latch which is 
engaged by rotating the th imble . Rotation of the thimble is normal ly p r e ­
vented by the six subassembl ies which sur round it . 

Two identical safety rods a re employed to provide "shutdown react iv i ty" 
during reac to r loading opera t ions . The safety rod is essen t ia l ly identical to 
the control rod except for modifications at the lower end, to provide the n e c ­
e s s a r y at tachment to the d r ives . 

The guide thimble is locked to the lower r eac to r grid s t ruc ture in a 
s imi la r manner to that descr ibed for the control rod guide th imble . The safety 
rod is engaged to the driving mechanism by a rotational locking mechanism. 
Inadvertent disengagement of the safety rod is prevented by a hexagonal-
shaped collar on the upper end of the safety rod. This normal ly engages the 
inside of the th imble , preventing rotation of the safety rod. To connect or 
disconnect the safety rod for loading purposes , the safety rod must be r a i s ed 
1 in. above i ts normal "up posit ion" by the safety rod drive mechanism. 

Gr id-P lenum Assembly 

The gr id-p lenum assembly incorpora tes a grid s t ruc tu re which sup­
por ts and locates the subassembl ies and a plenum chamber a r rangement 
which d i rec ts the inlet coolant flow. The grid consis ts essent ia l ly of two 
s ta in less s tee l plates spaced and interconnected by a l a rge number of tubes 
welded to each plate within the outer blanket zone. The plates a re perfora ted 
with axially aligned locating holes for the lower adapters of the subas sem­
bl ies . The adapters pass through the upper plate and extend into the lower 
pla te . The subassembl ies a re supported by a spher ica l shoulder on the sub­
assembly which engages a conical seat at the top of the upper grid plate to 
provide a seal as shown in F ig . 8. This a r rangement posit ions the subasem-
blies accura te ly , supports them secure ly , and minimizes leakage flow from 
the inlet plenum chambers to the spaces between subassembl i e s . 

Two coolant inlet plenum chambers a re provided. The high p r e s s u r e 
coolant plenum chamber , which is the source of supply for the core and inner 
blanket subassembl ies , is compr i sed of the cyl indrical space between the 
two gr id p la tes . The coolcint en te r s this plenum at the per iphery , flows r ad i ­
ally inward to the core and inner blanket zones, and then en te r s the subas ­
semblies through the holes in the walls of the bottom adapters near the lower 
grid pla te . The lower end of the subassembly adapter is closed, forming a 
"hydraulic piston." The sodium in the high p r e s s u r e plenum is at a p r e s s u r e 
of approximately 60 psig, and this p r e s s u r e acts a c r o s s the piston. This 
provides a downward force of about 160 lb on the core subassembl ies and 
130 lb on the inner blanket subassembl i e s . This force plus the weight of the 
subassembl ies exceeds the lifting force exer ted on the subassembl ies by the 
coolant. 
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Fig. 8. Subassembly Support Grid 

The upper surface of the lower grid plate is "stepped" in such a man­
ner as to va ry the number of subassembly adapter entrance holes available 
for introducing flow into the subassembl ies . The la t t e r a r r angement p r o ­
vides orificing of the flow through the subassembl ies to match the heat gen­
erat ion r a t e . 

The control and safety rods a re a lso cooled by the high p r e s s u r e 
sodium coolant which en te rs through slots in the thimble adap te r s , and then 
through a second set of slots in the lower end of the rods . The slots in the 
thimble section a re above the lower bear ing of the rod throughout i ts t r ave l . 
The lower end of the thimble is open, and the lower rod bear ing s e rves as a 
flow res t r i c t ion to prevent sodium lestkage from the bottom of the th imble . 
The p r i m a r y sys tem sodium p r e s s u r e acts a c r o s s the lower end of the rod, 
supplying a "hold-down" force s imi l a r to the a r rangement in the core sub­
assembl ies . 

The low p r e s s u r e coolant plenum, which supplies the outer blanket, 
consis ts of an annular chamber immedia te ly below the lower grid plate . The 
coolant en ters the plenunn at about 17 psig, and flows into the bottom adapters 
of the outer blanket subassembl ies through the openings in thei r bottom ends . 
Because the p r e s s u r e drop through the outer blanket subassembl ies is much 
sma l l e r than through those of the other zones, it is unnecessa ry to provide 
"hydraulic hold-down" for them. 
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Three different hole d iamete r s a r e ennployed in the gr id p la tes . The 
core section has the l a rges t d iameter hole, the inner blanket section has a 
sma l l e r d iameter hole, and the outer blanket section has the smal les t d iam­
eter hole. This a r rangement prevents a fuel subassembly from being placed 
inadvertent ly in an inner blanket position or an outer blanket posit ion and, 
l ikewise, an inner blanket subassembly cannot be placed in an outer blanket 
posit ion. To prevent the interchange of subassembl ies in the other direct ion, 
subassembly orientat ion b a r s a re used. They are fastened to the underside 
of the lower grid plates as shown in F ig . 8, and engage slots in the ends of 
the subassembly lower adap te r s . 

There a r e three th icknesses of b a r s : the core subassembl ies engage 
the thickest , the inner blanket subassembl ies the next thickest , and the outer 
blanket subassembl ies the thinnest . If an inner blanket subassembly is inad­
ver tent ly placed in a core posit ion, the slot in the inner blanket subassembly 
tip is too na r row to allow the slot to engage the ba r . This prevents engage­
ment of the subassennbly at leas t 2 in. short of i ts normal position in the 
grid, which condition is eas i ly detected by the loading nnechanism. A s imi l a r 
condition exis ts if an outer blanket subassembly is placed in an inner blanket 
position or a core posit ion. 

This a r rangement of loading control is employed because a core sub­
assembly inse r ted in e i ther blanket zone introduces both a react iv i ty problem 
and a cooling problem, while a blanket subassembly introduced in the wrong 
zone introduces only a cooling problem. The grid s t ruc ture has a total depth 
of 19 in. The reac to r core , however, is only 14 in. long. If a subassembly 
adapter cannot enter the grid s t ruc tu re because the subassembly is in the 
wrong location, such loading e r r o r will not pe rmi t the fuel section of the sub­
assembly to enter the core region. In the r e v e r s e situation, a subassembly 
can engage the grid for approximately 17 in. of t r ave l , but the e r r o r is r ead ­
ily detectable. 

Reactor Vessel 

The reac tor vesse l is a cyl indrical tank equipped with a moxinting 
flange at ei ther end and a single (outlet) coolant nozzle at i ts upper end. The 
vesse l is positioned between the gr id-p lenum assennbly and the removable 
vesse l cover . The rmal b a r r i e r s a r e provided to a s s u r e acceptable t he rma l 
s t r e s s e s in the vesse l wall under the most severe t rans ient t empera tu re 
conditions contemplated. 

Reactor Cover 

The reac to r vesse l cover provides the c losure of the upper end of the 
r eac to r vesse l and forms the upper surface of the outlet coolant plenum 
chamber . It a lso contains the upper portion of the neutron shield. The twelve 
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control rod drive shafts operate through the cover , and guide bear ings a r e 
provided in the cover for these uni ts . During the unloading opera t ions , the 
fuel gr ipper mechanisnn also opera tes through an opening in the cover . A 
smal l amount of leakage occurs through these var ious openings during r e a c ­
to r operat ion when a sodium p r e s s u r e differential of approxinnately 10 psi 
exis ts a c r o s s the cover . This lealcage flow is employed as a par t of the neu­
t ron shield cooling sys tem in this region. 

The top cover is r a i sed and lowered by two shafts penetrat ing the 
smal l rotating plug. It is fastened to the reac tor vesse l by th ree clamping 
mechan i sms , and the ra is ing and lowering mechan ism is so designed as to 
pe rmi t free expansion of the lifting shafts . This a r rangement avoids the 
l a rge load due to internal p r e s s u r e being t r a n s f e r r e d to the cover lifting 
nnechanism, and also avoids problenns associa ted with differential t he rma l 
expansion in the sys tem. 

The underside of the top cover is provided with pin "project ions" on 
the same spacing as the subassembl ies . These pins a r e positioned d i rec t ly 
above each subassembly adapter and provide approximately 3/16 in. of c l e a r ­
ance between the adapter and the end of the pin. The pins do not make con­
tact with the subassembl ies , but prevent ciny appreciable lifting of the sub­
assembl ies in the event of malfunction of the hydraulic hold-down sys tem. 

B. P r i m a r y Cooling System 

The p r i m a r y sys tem component arrangennent is shown schemat ica l ly 
in Fig . 2. The reac tor vesse l is cent ra l ly located at the bottom of the p r i ­
m a r y tank. The punnp, heat exchanger, and connecting piping a r e disposed 
radial ly around the reac tor vesse l and elevated somewhat above it . 

Coolant is supplied from the bulk sodium in the p r i m a r y tank to the 
high p r e s s u r e and low p r e s s u r e inlet plenum chambers by two identical 
pumps operating in pa ra l l e l . F r o m these plenum chamber s , the coolant 
pas ses upward through the various subassembl ies , into the comnnon outlet 
plenum chamber above the r eac to r , exits via the single outlet nozzle , and 
passes to and through the shell side of the shell and tube heat exchanger 
from whence it r e tu rns to the bulk sodium in the p r i m a r y tank. 

The two main sodium pumps a r e verticadly mounted, single s tage, 
centrifugal pumps which supply 4250 gpm of coolant (each) at 60 psi head. 
They utilize a hydraulic liquid sodium bear ing located at the pump impe l le r . 
The direct coupled drives a re total ly enclosed, leakproof, 2300 volt, A-C 
m o t o r s . Shaft sea ls of a labyrinth type a r e provided to mininnize sodium 
vapor in the motor enc losure . The motors a re frequency controlled over 
about a 10 to 1 speed range, providing snnooth and continuous control over 
the en t i re speed range . Flow control valves a r e not employed in the p r i ­
m a r y coolant sys tem. 
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A 5000 gpnn, 40 p s i h e a d , c e n t r i f u g a l type p u m p of a d e s i g n s i m i l a r to 
t h a t i n t e n d e d for u s e in t h e p r i m a r y s y s t e m h a s b e e n o p e r a t e d fo r m o r e t h a n 
7500 h r s a t s p e e d s of 1750, 890, and 175 r p m and a t t e m p e r a t u r e s up to 900°F 
( F i g . 9) . 

STANDARD MOTOR (MODIFIED TO 
HAVE A GAS TIGHT MOTOR FRAME) 

7LABYRINTH SEALS 

-STILLING BAFFLE 

-SODIUM LEVEL 

-HYDRAULIC BEARING 

Fig. 9. 5000 gpm Mechanical Sodium Pump 

T h i s p u m p h a s b e e n s u b j e c t e d to 126 s t a r t s , 26 of wh ich o c c u r r e d d u r i n g low 
s p e e d o p e r a t i o n . Af ter 6500 h r s of o p e r a t i o n , the p u m p w a s d i s a s s e m b l e d 
and t h o r o u g h l y i n s p e c t e d . The p u m p w a s i n e x c e l l e n t cond i t ion , and t h e h y ­
d r a u l i c b e a r i n g showed no i n d i c a t i o n of w e a r ( F i g . 10). The p u m p , i t s p e r -
fo rnnance , and o p e r a t i n g e x p e r i e n c e a r e d e s c r i b e d in de t a i l in a n o t h e r p a p e r 
p r e p a r e d for t h i s c o n f e r e n c e . ' ^ ) 

Bearing Shell Bearing Journal and Impeller 

Fig. 10. Hydraulic Bearing and Journal after 6500 hrs of Operation 
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In o rder that the pumps can be rennoved from the p r i m a r y tank for 
maintenance, ba l l - sea t type pipe disconnects a r e used in the l ines between 
the punnps and the piping to the reac tor inlet plenum c h a m b e r s . The heat 
exchanger tube bundle and assoc ia ted s t ruc tu re a r e removable as a unit in a 
ver t ica l direct ion; however, the heat exchanger shell is permanent ly attached 
to the cover of the p r i m a r y tank (Fig. 11). The sodium line between the upper 
plenum of the reac tor and the heat exchanger shell is permanent ly attached 
between these two components . 

SECONDARY SODIUM INLET, 610° F 

SECONDARY SODIUM OUTLET, S S C F 

-PRIMARY TANK TOP 
STRUCTURE 

-PRIMARY TANK COVER 

-SODIUM LIQUID LEVEL 

PRIMARY SODIUM INLET, 9 0 0 ° F 

-PRIMARY SODIUM OUTLET, 700«F 

Fig. 11. EBR-II Sodium to Sodium 
Heat Exchanger. 

7-6" TO REACTOR CORE 
1 CENTERLINE 

In this sodium line is located the "Auxiliary P u m p . " The auxi l iary 
pump operating in s e r i e s w^ith the two main sodium pumps is a permanent 
magnet D-C elect romagnet ic pump having a capacity of 500 gpm at 0.2 psi 
head and a 900°F sodium t e m p e r a t u r e . At this capacity, the pump requ i res 
8100 ampere s at 1.0 volt. The pumping section is incorpora ted in the 14 in., 
schedule 20, reac to r outlet pipe with no change in pipe c r o s s - s e c t i o n (Fig. 12). 
The heavy e lec t r i ca l leads make no physical contact with the pipe, but r a the r 
make e lec t r ica l contact through a sodium filled container . This re la t ively 
light weight, double-walled, e lec t r ica l ly insulated container is welded d i rec t ly 
to the pipe wall . This design allows an e lec t r ica l short c i rcui t path between 
the two bus b a r s of 800 a m p e r e s , which is insignificant considering the ex­
t r e m e rel iabi l i ty of this design and the smal l power r equ i r emen t s . 

The auxi l iary pump e lec t r i ca l power is supplied from metal l ic r e c t i ­
fier units and s torage ba t t e r i e s . The s torage ba t t e r i e s , operating in para l le l 
with the rect i f ier units , a s s u r e pump operation in the event of a complete 
power fa i lure . During normal operat ion, these ba t t e r ies float on the line and 
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INSULATED COPPER BUSSES> 

PERMANENT 
MAGNET 

EZZZ2SSI ELECTRICAL INSULATION 
» MAIN CURRENT PATH 

— • CURRENT LEAKAGE PATH 

FILLED AREA ; 

SECTION VIEW 

Fig. 12. EBR-II Primary System Auxiliary Pump 

r e m a i n fully c h a r g e d a t a l l t i m e s . In the even t of a s u s t a i n e d p o w e r f a i l u r e , 
t he p u m p o p e r a t e s un t i l t h e b a t t e r i e s a r e d i s c h a r g e d , w h i c h r e s u l t s in a 
g r a d u a l d e c a y of the flow r a t e and an i d e a l " t r a n s i t i o n " to t h e r m a l c o n v e c t i o n . 

I r o n - n i c k e l - a l k a l i n e c e l l s (14 in p a r a l l e l ) a r e e m p l o y e d b e c a u s e of 
t h e i r ab i l i t y to s u s t a i n r e p e a t e d d i s c h a r g i n g . The d i s c h a r g e c h a r a c t e r i s t i c s 
of the b a t t e r i e s and c o r r e s p o n d i n g p u m p flow c h a r a c t e r i s t i c s a r e shown in 
F i g . 13 . 

< 10.000 

i^ 6,000-
(L 

^ 4,000-
I - * 

s 
3 2,000 
o 
- I 

i 

FLOWRATE OF EBRD PRIMARY 
SYSTEM AUXILIARY PUMP OPER­
ATING ON BATTERIES DATA 
BASED ON PROTOTYPE PUMP TESTS 

OtSCHARGE CHARACTERISTICS OF A 14 
PARALLEL CELL BANK OF IRON-NICKEL-
ALKALINE STORAGE 8ATTERIES.-

400 ; 

300 

100 5 

48 64 80 9S 112 128 
TIME AFTER EMERGENCY-MINUTES 

Fig. 13. Battery Current and Pump Flow Characteristics of Auxiliary Pump System 

Since the n o - l o a d vo l t age of t h e s e b a t t e r i e s ( a l so the t r i c k l e c h a r g e vol tage) 
i s 1.57 v o l t s , the e l e c t r i c a l s y s t e m i s d e s i g n e d for t h i s v o l t a g e . The a c t u a l 
p u m p vo l t age a c r o s s the p u m p b u s i s on ly 80 m i l l i v o l t s ; t he r e m a i n d e r of t h e 
vo l t age d r o p i s t a k e n in the p o w e r supp ly s y s t e m . The p u m p i s r a t e d at 
1.0 vol t b e c a u s e t h i s i s t h e b a t t e r y vo l t age s h o r t l y a f t e r pumping b e g i n s on 
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b a t t e r y p o w e r . When o p e r a t i n g f r o m the r e c t i f i e r p o w e r s u p p l y at 1.57 v o l t s , 
the p u m p c u r r e n t i s 12,800 a m p e r e s . T h i s i s r e d u c e d a p p r o x i m a t e l y 10%, 
due t o b a c k emf, when the m a i n p u m p s a r e in o p e r a t i o n . 

I n t e r l o c k s b e t w e e n the a u x i l i a r y p u m p and r e a c t o r c o n t r o l s p r e v e n t 
r e a c t o r s t a r t u p u n l e s s the p u m p i s c o n n e c t e d and o p e r a t i n g w i th t h e b a t t e r i e s 
fully c h a r g e d . 

The p r i m a r y p u r p o s e of the a u x i l i a r y p u m p i s to a u g m e n t t h e r m a l 
convec t ion u n d e r c e r t a i n cond i t ions of r e a c t o r shu tdown . T h e s e cond i t i ons 
o c c u r a s a r e s u l t of s y s t e m ma l func t ions wh ich t e n d to " d e s t r o y " the t e m ­
p e r a t u r e d i s t r i b u t i o n s n e c e s s a r y t o nnainta in t h e r m a l c o n v e c t i o n . The a u x ­
i l i a r y p u m p i n s u r e s con t inu i ty of flow u n d e r t h e s e cond i t i ons and p r e v e n t s 
u n d e s i r a b l e t e m p e r a t u r e t r a n s i e n t s . 

A 
o p e r a t e d 

p r o t o t y p e m o d e l of the D - C e l e c t r o n n a g n e t i c a u x i l i a r y punnp h a s 
for m o r e t h a n 2700 h r s ( F i g , 14). In t h i s t e s t t he s o d i u m was a t a 

t e m p e r a t u r e of 900*'F, and the m a g n e t 
a s s e m b l y w a s a t 750 ' 'F . T h e s e c o n d i ­
t i ons d u p l i c a t e t h o s e to be e n c o u n t e r e d 
in the E B R - I I . The Aln ico 5 m a g n e t 
supp l i ed a flux of 1000 g a u s s in the 
16 in . gap (which d e c r e a s e d a p p r o x i ­
m a t e l y 5% f r o m r o o m t e m p e r a t u r e to 
750*^) . T h e r e w a s no change in the 
m a g n e t i c c h a r a c t e r i s t i c s of the p e r ­
m a n e n t m a g n e t t h r o u g h o u t the t e s t . 
The p u m p p e r f o r m e d e x t r e m e l y we l l 
and a s a n t i c i p a t e d . 

C . C o n t r o l and Safe ty D r i v e 
M e c h a n i s m 

The E B R - I I i s c o n t r o l l e d by 
nnoving fuel in the r e a c t o r . O p e r a t i o n 
of the r e a c t o r i s c o n t r o l l e d by twe lve 

• ' ^'''IJ!^ \ " " T i ^ ^ ^ ^ ^ ^ B y c o n t r o l r o d s . E a c h r o d i s i n d e p e n d e n t l y 
J H " \ m CIB^*™*'^^ ^; d r i v e n b y an e l e c t r i c a l - m e c h a n i c a l 

m j a ^ ^ ^ S ^ ' ^ Z - ^ • "' tt • d r i v e m e c h a n i s n n ( F i g . 15). The d r i v e s 
J t ^^^^^**"^ V M • I 3-^6 i d e n t i c a l and a r e so a r r a n g e d t h a t 

on ly one d r i v e m a y be o p e r a t e d at a 
Fig. 14. Auxiliary Pump and Test Loop ^ . ^ ^ (^.^j^ ^^^ e x c e p t i o n of " s c r a m , " 

when a l l t w e l v e o p e r a t e s i m u l a t a n e -
ous ly ) . O p e r a t i n g c o n t r o l i s a c h i e v e d by a 14 in . v e r t i c a l m o t i o n of the c o n ­
t r o l r o d s which i s p r o v i d e d by a r a c k and p in ion type d r i v e wi th c o n s t a n t 
s p e e d e l e c t r i c m o t o r s ; t h e r e f o r e , only one s p e e d of m o v e m e n t i s p o s s i b l e . 
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CONTROL ROD DRIVE MECHANISM 

SAFETY ROD 
DRIVE MECHANISM 

MAIN FLOOR 

CONTROL DEVICE 
LIFTING MECHANISM 

ROTATING SHIELD PLUGS 

SODIUM LEVEL 

GUIDE BEARING 

DRIVE SHAFT 

NEUTRON SHIELD 
COVER 

UPPER PLENUM CHAMBER 

GRIPPER a SENSING 
DEVICE 

NEUTRON SHIELD 

SAFETY ROD 
GUIDE THIMBLE 

REACTOR CORE 

SUPPORT GRID 

ROD DRIVE BEAM 

BOTTOM OF PRIMARY 
TANK 

Fig. 15. EBR-II Control and Safety Rod Drive System 

T h e c o n t r o l r o d s a r e d i s c o n n e c t e d f r o m t h e i r d r i v e s d u r i n g fuel l oad ing 
o p e r a t i o n s . The d i s c o n n e c t i s m a d e wi th the c o n t r o l r o d s in t h e i r down o r 
l e a s t r e a c t i v e p o s i t i o n . The c o n t r o l r o d s r e m a i n in t h i s p o s i t i o n d u r i n g the 
un load ing p r o c e d u r e . 

Al though the twe lve c o n t r o l r o d s and d r i v e s a r e i d e n t i c a l , d u r i n g 
s t e a d y - s t a t e r e a c t o r o p e r a t i o n e l e v e n a r e u s e d for s h i m m i n g and one i s u s e d 
for r eg t i l a t i ng . The " reg t i l a t ing r o d " i s def ined , for d e s c r i p t i v e p u r p o s e s , a s 
the r o d be ing c o n t r o l l e d by t h e a u t o m a t i c c o n t r o l s y s t e m ; any of the twe lve 
r o d s m a y be u s e d a s t h e r e g u l a t i n g r o d . D u r i n g m a n u a l o p e r a t i o n , e i t h e r 
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during change in r eac to r power level or s teady-s ta te operat ion, all twelve 
rods a re defined as "shim r o d s . " The power supply is a r ranged to supply 
power to only one shim rod drive unit at a t ime , r es t r i c t ing rod movement 
to one rod at a t ime . At s teady-s ta te r eac to r operation, with the regulating 
rod on automatic control , one shim rod can be moved to pe rmi t adjusting the 
position of the regulating rod in the r eac to r . 

Drive speed (either up or down) is mechanical ly l imi ted to 5 i n . /m in . 
Since the total worth of each rod will not be m o r e than 0.006 Ak/k, the drive 
speed available r e s t r i c t s the maximum possible react iv i ty addition ra te to 
l e s s than 0.00011 Ak/k per sec (based on two rods) . 

During s c r a m , the twelve control rods a r e ejected (downward) from 
the core by a i r p r e s s u r e plus gravi ty. Rod re lease t ime , or t ime between 
receipt of s c r a m signal at the rod drive and s ta r t of rod nnovement is 0.008 s ec . 

Two safety rods a r e provided in the r eac to r in addition to the twelve 
operat ional control rods . The safety rods a re not a par t of the normal opera ­
tional control sys tem for the r eac to r . The safety rods a re always in the r e ­
actor (in their most react ive position), and they are designed to function when 
the control rods a r e disconnected from the i r d r i ve s . The p r i m a r y purpose 
of the safety rods is to provide "available negative react iv i ty" when the r e a c ­
tor is shut down and the control rods a re disconnected. They provide a safety 
factor during reac tor loading opera t ions . The safety rod drive mechan isms 
a re completely independent of the fuel handling s y s t e m s . The reac to r cannot 
be operated nor can the fuel loading equipnnent be operated unless the safety 
rods a r e in the up posit ion. They a re actuated by low level de tec tors separa te 
from the normal operational control sys t em. 

The two safety rods a r e connected beneath the r eac to r to a horizontal 
bar which is connected to two ver t ica l shafts extending upward through the 
biological shield. Each shaft is coupled by nneans of a rack and pinion drive 
to a single drive sys tem. Appropriate shafts and gearing couple these s y s ­
t ems together so that they operate as a unit. The rods a r e r a i sed at a slow 
speed and drop under the force gravi ty. Actuation is accomplished by r e l ease 
of a clutch, and decelerat ion is accomplished by means of hydraul ic snubbers . 

D. Fuel Handling System 

"Fuel handling" includes: removing the subassembly from the r eac to r , 
t r ans fe r r ing it to the s torage rack, and after a 15-day cooling per iod (for f i s ­
sion product decay), removing it from the p r i m a r y tank. The fuel-handling 
systenn (Fig. 16) consis ts of the reac tor gr ipper mechanism, the hold-down 
mechanisnn, the t rans fe r a r m , and the s torage rack . The reac to r gr ipper 
mechamism and the hold-down mechanism are located in the smal l rotating 
plug which i s , in turn , eccent r ica l ly located in the l a rge rotating plug. 
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^ 

SODIUM LEVEL-

REACTOR COVER 
HOLD DOWN -

-TRANSFER COFFIN 

BIOLOGICAL SHIELD 

. BLAST SHIELD 

-COFFIN GRAPPLE 

-PRIMARY TANK 

Fig. 16. EBR-II Fuel Handling System 

Rotation of the two plugs is employed to position the gr ipper over the des i red 
location in the r eac to r , and to position the gr ipper at the " t ransfer posit ion." 
The reac to r cover is a lso supported by the smal l plug and ro ta tes with it . 
The gr ipper mechanism and hold-down mechanism operate through the cover . 

To remove a subassembly , the r eac to r is p roper ly shut down, the 
twelve control rods a re r e l eased from their individual control rod drive 
mechan i sms , the r eac to r cover hold-down clannps a r e re leased , the cover 
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is ra i sed , and the rotating plugs a r e rotated to the proper location to position 
the gr ipper over the des i red subassembly . The subassembly hold-down mech­
anism, consist ing of a "funnel-shaped" s leeve, is lowered over the s u b a s s e m ­
bly to be removed, contacting the six adjacent subassennblies, spreading them 
slightly, and preventing thenn from moving as the subassembly is removed. 
The gr ipper head is lowered, engaging the adapter on the subassembly , and 
the subassennbly is lifted ver t ica l ly from the r eac to r . 

After lifting the subassembly to the proper elevation, the plugs a r e 
rotated to the t ransfe r point. The t rans fe r a r m is positioned to receive the 
subassennbly which is then lowered such that the col lar of the subassembly 
adapter fits into a r e c e s s on the t rans fe r holding device. The subassenably 
is now re leased by the gr ipper and accepted by the t rans fe r a r m . 

The t rans fe r arnn w^ith the subassembly is rota ted through a hor izon­
tal a r c of about 80° and posit ions the subassennbly above any one of th ree 
concentr ic rows of s torage locations in the s torage rack . The s torage rack 
is a tank-shaped s t ruc tu re providing 70 s torage locations in th ree concentr ic 
rows. It is suspended by a shaft extending through the p r i m a r y tank cover 
and can be rotated as well as r a i s ed or lowered to different levels in the 
p r i m a r y tank. An empty s torage location is positioned below the subassenn­
bly on the t rans fe r a r m , the s torage rack is ra i sed , and the subassembly is 
inser ted into the rack . After subassembly t r ans fe r , the t r ans fe r a r m is 
rotated to a neut ra l position and the s torage rack is lowered. 

After cooling for 15 days to pe rmi t fission product decay, the subas ­
sennbly is removed from the s torage rack and t r a n s f e r r e d to the P r o c e s s 
Plant . Although the fission product decay heat generat ion is significantly 
l ess than that obtaining at the t ime of subassembly removal from the r eac to r , 
cooling by forced circulation*of an iner t gas is requ i red upon removing the 
subassembly from the sodium. Cooling is provided through all subsequent 
steps involved in the t r anspor t and handling of the subassembly until it has 
been d i sassembled and the fuel e lements separa ted from the c lose-packed 
c lus te r . 

Introduction of a new fuel or blanket subassembly into the reac to r is 
achieved by the same steps in the r e v e r s e o rde r . 

III. OPERATION AND PERFORMANCE 

A. Control of Power System 

Control of the power sys tem is cent ra l ized in a control room located 
in the Power Plant Building. Control , in genera l , is manual . Only the s i m ­
plest of control functions, or those which might adverse ly affect facility 
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safety if handled manually, a r e effected automatical ly . As examples , control 
of prinnary and secondary sys tem coolant flow ra t e s is manual; control of 
r eac to r power level is manual during ra is ing or lowering of power, but is 
autonnatic at s teady s ta te ; control of feedwater flow ra te and s t eam p r e s s u r e 
is autonnatic. 

In e s sence , the basic control philosophy for the EBR-II power sys tem 
consis ts in providing: (1) control of r eac to r power level ; (2) nnaintenance of 
balance between the r a t e s of heat removal effected by each of the major t h e r ­
mal sy s t ems , from the cooling tower to the r eac to r ; and, (3) maintenance of 
essent ia l ly complete isolat ion of the r eac to r from the effects of tu rb ine -
genera tor load var ia t ion. 

Control of Reactor Power 

Operational control of r eac to r power is effected by movennent of the 
control rods . Changes in reac to r power level a r e effected by manual adjust­
ment of rod posi t ions . Power level is maintained at s teady s tate by au toma­
t ic control of the regulating rod; the control being based on sensing of neutron 
flux level . Upon occur rence of a r eac to r s c r a m signal, all twelve rods auto­
mat ica l ly a r e ejected from the core . 

A total of eleven fission counters and ionization chambers a r e p r o ­
vided which enable sensing of r eac to r period, as well as neutron flux level , 
throughout the range from source power to severa l t imes full power. F r o m 
these de tec tors a r e der ived the signals for measu remen t and control of r e ­
actor power and for initiation of r eac to r scrann in the event of excess ive ly 
shor t per iods or excess ively high power. The de tec tors a r e located in eight 
ver t ica l thimbles at var ious positions outside the reac to r vesse l . The th im­
bles a re i m m e r s e d in the p r i m a r y tank sodium and a r e positioned nea r the 
outer surface of the radia l neutron shield. 

Maintenance of Balance Between Major Thermal Systems 

The major t he rma l sys tems a re the p r i m a r y sys tem, secondary s y s ­
tem, and s team sys tem (plus circulat ing water ) . Heat energy generated with­
in the reac tor is t r anspor t ed by these sys tems to the tu rbo-genera to r whe re ­
in it is converted to e lec t r ica l energy. The heat r e l eased in the condenser 
is absorbed by the circulat ing water sys tem and diss ipated to the a tmosphere 
via the cooling tower, A simplified flow d iagram for the major sys tems is 
shown in Fig . 2. 

Maintenance of balance between the the rmal sys tems consis ts p r in ­
cipally of balancing the heat removal ra te of the secondary sys tem with the 
heat generat ion ra te in the r eac to r , since the s team sys tem is designed to 
furnish a constant feedwater t empe ra tu r e to the s team genera tor at all loads . 
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even with the tu rbo-genera to r inoperat ive . Any imbalance of these two r a t e s 
produces a continuous change in the p r i m a r y tank bulk sodium t e m p e r a t u r e . 

In o rder to effect proper balance, the following method of control is 
employed: 

• 1. The p r i m a r y sys tem flow ra te is regulated to provide a p r e d e t e r ­
mined reac to r coolant outlet t e m p e r a t u r e , varying from 900*'F at full power 
to SSOT at ve ry low power. This 50''F var iat ion in r eac to r coolant outlet 
t empera tu re is employed in o rder to maintain a constant s t eam t empera tu re 
of 850°F at all power l eve l s . 

2. The secondary sys tem flow ra te is adjusted such that the p r i m a r y 
tank bulk sodium t empera tu re remains constant . I r respec t ive of r eac to r 
power level , the t empera tu re of the cold leg of the secondary sys tem auto­
mat ica l ly remains between 580 and 6lO°F, and the t empera tu re of the hot leg 
of the secondary sys tem remains re la t ively constant, varying from about 
880°F at full power to about 850°F at ve ry low power (reflecting control of 
the r eac to r outlet coolant t empe ra tu r e ) . Thus, the r a t e s of heat removal 
from both the p r i m a r y sys tem and the secondary sys tem a r e approximately 
proport ional to the secondary sys tem flow r a t e . 

3. Feedwater flow ra te and t empera tu re to the steann genera tor a re 
automatical ly controlled. System p r e s s u r e is held by a back p r e s s u r e valve 
which dumps excess s team di rec t ly to the condenser . 

Isolation of the Reactor F r o m Effects of Load Variat ion 

An important feature of the EBR-II in r ega rd to r eac to r s tabi l i ty is 
the vir tual isolation of the r eac to r from the effects of changes in power s y s ­
tenn conditions external to the r eac to r . This is accomplished in the following 
manne r : 

1. No automatic control adjustment link exis ts between r eac to r power 
and e lec t r ica l load demand or any power sys tem operating condition (other 
than s c r a m ) . 

2. The s team sys tem incorpora tes a full flow s team by-pass around 
the turbine to the condenser , a tu rb ine -genera to r load l imiting device, and a 
regenera t ive feedwater sys tem which del ivers constant t empera tu re feed-
water to the s team genera tor under all load conditions. This a r rangement 
e l iminates any effect of change in tu rb ine-genera to r (electr ical) load upon 
reac to r inlet coolant t e m p e r a t u r e . 
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3. A p r i m a r y s y s t e m i s e m p l o y e d wi th a v e r y l a r g e t h e r m a l c a p a c i t y 
s u c h t h a t t h e r e a c t o r i n l e t t e m p e r a t u r e can on ly c h a n g e v e r y s l owly . F o r 
e x a m p l e , wi th the r e a c t o r o p e r a t i n g a t full p o w e r (62.5 mw) and no h e a t be ing 
r e m o v e d f r o m t h e p r i m a r y t a n k , the r a t e of bu lk s o d i u m t e m p e r a t u r e r i s e 
would be on ly about M ^ F / m i n . 

B . P o w e r O p e r a t i o n 

R e a c t o r Hea t G e n e r a t i o n D i s t r i b u t i o n s 

An a p p r o x i m a t e b r e a k d o w n of p o w e r g e n e r a t i o n in the v a r i o u s zones 
of t h e " c l e a n " r e a c t o r i s g iven in the Append ix ( T a b l e I) . The c o r e g e n e r a t e s 
53 .3 m w o r 85.4% of t h e p o w e r . 

The r a d i a l p o w e r d e n s i t y d i s t r i b u t i o n a t t h e c e n t e r p l a n e of t h e r e a c ­
t o r i s shown in F i g . 17. 
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Fig. 17. Radial Power Density Distribution at Center Plane of Clean Reactor (Z = 0). 

T h i s d i s t r i b u t i o n i s b a s e d on 82% i n s e r t i o n of e a c h of the t w e l v e c o n t r o l r o d s 
and 100% i n s e r t i o n of the two s a f e t y r o d s . In t h e c o n t r o l r o d and s a f e t y r o d 
r e g i o n s of F i g . 17, two p o w e r d e n s i t y d i s t r i b u t i o n c u r v e s a r e p r e s e n t e d . The 
d a s h e d l ine s h o w s the a n t i c i p a t e d p o w e r d e n s i t i e s in c o n t r o l o r Scifety s u b ­
a s s e m b l i e s ; t h e s o l i d l i ne i n d i c a t e s the p o w e r d e n s i t i e s e x p e c t e d in t h e c o r e 
s u b a s s e m b l i e s w i th in t h e s e r e g i o n s . 

The r a d i a l mc ix imum to a v e r a g e p o w e r d e n s i t y r a t i o of t h e c o r e a t t he 
r e a c t o r c e n t e r p l a n e i s 1.33; the e f fec t ive radied max innum to a v e r a g e r a t i o 
o v e r the e n t i r e he igh t of the c o r e i s 1.32. 
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The axial power density distr ibution at the center l ine of the core is a 
typiCed. chopped cosine type within the core region and d e c r e a s e s exponentially 
in the a.xial blanket region. 

The axial maximum to average power density ra t io at the inner edge 
of the inner blanket is 3.45; at the inner edge of the outer blanket, 2.84. 

The eixial maximunn to average rat io at the center l ine of the core for 
the core section only is 1.17. The effective axial maximum to average rat io 
over the ent i re radius of the core for the core section only is 1.16. 

Maximunn pow^er density in the core is 1.37 mw^/liter of core volume. 
Average power density in the core is 0.893 m w / l i t e r . The rat io of maximum 
to average power density in the core is 1.53. 

These power densi t ies and distr ibut ions a r e based on the cleeui r e a c ­
tor ; however, eunalysis indicates that only snnall changes in heat generat ion 
distr ibution a r e effected by core burnup and plutonium formation, and these 
changes have been allowed for in calculation of maximum fuel and blanket 
t e m p e r a t u r e s . They also include the contributions of local absorpt ion of 
gamma r a y s . 

Reactor Tempera tu re Distribution 

The nnaximum mecui r eac to r outlet coolant t empera tu re is held at a 
high level by orificing all subassembly rows except rows 1 and 2 (numbered 
radial ly outward from the center of the core) . The degree of orificing e m ­
ployed in each row is based on one or more of these l imita t ions (depending 
upon the row): maximum permiss ib le fuel alloy or blanket uranium t e m p e r a ­
t u r e ; maximum pe rmiss ib l e coolcint t empera tu re at subassembly outlet; min­
imum acceptable orifice s ize . 

In addition to flow distr ibution, another considerat ion affecting ca l ­
culated tennperature distr ibutions within the reac to r is the degree of uncer ­
tainty associa ted with each of the quantities (such as t he rma l conductivity 
value, heat t ransfe r coefficient, power density level , etc.) enter ing into the 
t empera tu re calculat ions. Each quantity is analyzed separa te ly , a degree of 
uncertainty es t imated, a factor assigned, and the effect of each factor upon 
the var ious t empera tu re differences es t imated . The vincertainty factors e m ­
ployed a r e : 

Coolant Tempera tu re Rise 1.18 
Coolant F i lm Tempera tu re Difference 1.36 
Clad Tempera tu re Difference 1.31 
Bond Tempera tu re Difference 1.25 
Fuel Tempera tu re Difference 1.32 
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In many of the f igures r e f e r r ed to in this section, two t e m p e r a t u r e curves for 
the same conditions a re shown: one which includes the use of uncer ta inty 
factors in the calculat ions, and one which does not. The t empera tu re d i s t r i ­
butions which involve the use of these factors a re considered very conse rva ­
t ive. The t empera tu re dis tr ibut ions based on nominal calculat ions (without 
uncertainty factors) a r e those more represen ta t ive of the average conditions 
expected to exist within the r eac to r . 

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.087 
RADIUS OF FUEL ELEMENT, in. 

WITH UNCERTAINTY FACTORS 
— WITHOUT UNCERTAINTY FACTORS 

Fig. 18. Radial Temperature Distribution Through a Fuel 
Element at Point of Maximum Fuel Temperature. 

Based on the above cons ider ­
at ions, each type of fuel and blanket 
element is designed to cool vuider 
the most severe conditions to which 
that type of e lement is exposed. The 
most severe conditions within each 
major r eac to r zone occur in the 
f i rs t , sixth, and eighth subassembly 
row (centerl ine of co re , inner edge 
of the inner blanket, and inner edge 
of the outer blanket, respect ively) . 

Radial t e m p e r a t u r e d i s t r ibu­
tions through a fuel e lement at the 
point of maximum fuel alloy t e m ­
pe ra tu r e in the reac tor a re shown 
in F ig . 18. The effect of uncer ta inty 
factors on t empera tu re dis tr ibut ion 
is apparent . 

The mixed mean coolant 
t empe ra tu r e r i s e through each sub­
assembly is shown in F ig . 19. 

Power Cycle Operating Conditions 

The contemplated s teady-s ta te operating t e m p e r a t u r e s and coolant 
flow ra tes in the pr incipal heat t r ans fe r sys tems at full power a r e shown in 
Fig . 2 and descr ibed below. 

1. P r i m a r y System 

The p r i m a r y sodium coolant flow ra te through each of the main 
pumps is approximately 4250 gpm at a head of 60 ps i ; total flow is about 
8500 gpm. Flow through the r eac to r totals 8200 gpm; the remaining 300 gpm 
represent ing leakage back to the p r i m a r y tcink bulk sodium through the ba l l -
seat disconnects and the subassembly hold-down devices . Of this total flow 
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OUTER BLANKET 

NOTE. FOR FULL COOLANT FLOW AND FULL REACTOR 
POWER ( 6 2 . 5 mw) 

AVERAGE REACTOR C00LANT_TE2<PERATURE R I S E 

7 t h 8 t h 9 t h 

SUBASSEMBLY RO* 
l l t h 13th 

Fig. 19. Average Coolant Temperature Rise Through Each Subassembly 

through the reac to r , 7000 gpm flows from the h i g h - p r e s s u r e plenum through 
the core and inner blanket subassembl ies , 700 gpm flows from the low-
p r e s s u r e plenum through the outer blanket subassembl ies , ajid 500 gpm flows 
through the c learance spaces between subassembl ies . 

The mixed mean p r i m a r y coolant t empe ra tu r e in the r eac to r out­
le t plenum chamber is 900°F. The coolant en te r s the heat exchanger at ap ­
proximate ly 900°F, since the heat loss between the reac to r and heat exchanger 
is very sma l l . After passing through the heat exchanger , the coolant r e tu rns 
to the bulk sodium with a t empera tu re slightly different from that of the bulk 
sodium. This smal l t empera tu re difference is requi red to maintain the bulk 
sodium t empera tu re constant at 700°F, because of extraneous heat l o s se s and 
heat gains by the bulk sodium; viz . , gains due to gamma heating of the bulk 
sodium cind coolant leakage past the control dr ives in the r eac to r tank cover , 
and losses due to the shutdown coolers and to the shield cooling a i r . 

2. Secondary System 

The secondary sodium sys tem includes a sodium to sodium heat 
exchanger located in the p r i m a r y tank, a sodium to w a t e r - s t e a m heat ex­
changer (s team genera tor ) located in the Boiler Plant , an A-C e l ec t romag­
netic l inear induction pump and a surge tank located in the Sodium Plant , cind 
interconnecting piping. 

27 



At full power, a flow ra te of 6050 gpm at a head of about 60 psi 
is provided by the pump. The sodium coolajit en te r s the heat exchanger at 
6lO**F and leaves at 880°F. Since the heat loss in the interconnecting piping 
is smal l , the sodium en te r s the superhea te r section of the s team generator 
at approximately the same t e m p e r a t u r e , 880'*F. The coolant leaves the 
s team genera tor at 610*^. 

The s team genera tor is a na tura l rec i rcula t ing type consisting of 
evaporator and superhea te r section with a single s team drum. Each section 
is composed of a number of ver t ica l uni ts . Each evaporator unit is connected 
to the s team drum by a single downcomer and r i s e r . Dry and sa tura ted 
s team frorr> the s team drum pas se s downward through the superhea te r units . 

Both evaporator ajid superhea te r units use single length, double-
walled tubes . No th i rd fluid ajinulus or monitoring sys tem is employed. The 
outer tube is welded to the shell tube sheet cind the inner tube to an external 
tube sheet . These tube sheets a r e positioned a few inches apar t and connected 
only by the tubes . There a re no welds in these units which separa te sodium 
from water or s team. 

3. Steam System 

Feedwater at 550°F is supplied to the s t eam drum of the s t eam 
genera tor at a ra te of 249,000 Ib /h r during full power operat ion. Saturated 
s t eam at 580°F is genera ted within the evapora tor . This s t eam passes 
through conventional mois tu re s e p a r a t o r s in the s t eam drum and then is 
r a i s ed to a t empera tu re of 850°F in the supe rhea te r . Steam conditions at the 
turbine throt t le a r e 1250 psig, 850°F with a flow ra te of about 199,000 Ib /h r . 
The remaining s t eam is employed for d i rec t feedwater heating, for driving 
the feedwater pump turbine, cind for maintenance of by-pass flow around the 
turbine to the condenser . The turbine exhausts 145,500 Ib /h r of s t eam 
(moisture content 14%) to the condenser operat ing at 1^ in. Hg p r e s s u r e . 
The condenser , a deaerat ing type, employs a circulat ing flow ra te of 
23,600 gpm at 70°F inlet and 82°F outlet t empe ra tu r e s respect ive ly . 

The feedwater heating sys tem consis ts of a blowdown cooler , 
two feedwater hea t e r s employing s team extrac ted from the turbine , one de -
aerat ing hea te r which ut i l izes s t eam from the exhaust of the feedwater pump 
turbine , and a high p r e s s u r e hea te r using s t eam supplied d i rec t ly from the 
main s team line (1250 psig, 850°F). This sys tem is designed to supply feed-
water to the s t eam genera tor at a constant t empera tu re r ega rd l e s s of load 
conditions or mode of plant operat ion. 

The s team sys tem flow d iagram, shown in Fig . 2, includes 
5000 Ib /h r of s team by-passed to the condenser at full load (62.5 mw of heat). 
Under these conditions of operat ion, the genera tor produces 20,700 kw gross 
output. 
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IV. RELIABILITY AND SAFETY 

Much of the EBR-II design effort has been directed toward at tainment 
of maximum rel iabi l i ty and safety. A large number of features a re incorpo­
ra ted which promote reac to r operat ional rel iabil i ty, minimize probabil i ty 
of occur rence of a des t ruct ive nuclear accident, and a s s u r e containment of 
radioactivi ty which would be re leased in the very remote event that such an 
accident should occur . Only a few of the pert inent major provis ions a r e 
reviewed h e r e . A more connplete t r ea tment is p resen ted in the EBR-II 
"Hazards Summary Report . "(^) 

A. Elec t r ica l System Provis ions 

The electricad sys tem incorpora tes two independent t r a n s f o r m e r t ies 
to a closed power loop (138 kv) se rved by two separa te utility companies . 
Both t r a n s f o r m e r s a re connected to a sect ionalized main bus (13.8 kv), the 
t ie b r e a k e r s being closed during normal operat ion. Also connected to one of 
the two main bus sections is the EBR-II genera tor . Thus, the plant is equipped 
w îth three sources of main (13.8 kv) e lec t r ica l power. To further the 
main power sys tem rel iabi l i ty, duplicate c i rcui t s to each of the lower voltage 
sys tems (2400 and 480 v) a r e provided fronn atixiliary t r a n s f o r m e r s fed by 
both of the nnain bus sect ions . In addition, a se lect ive , protect ive relaying 
scheme is used to effect automatic isolation of a faulted portion of the s y s ­
t em with no interrupt ion of power. 

An automatical ly s tar t ing , 400 kw d iese l -genera to r set is incorpo­
rated to supply power for operat ion of n e c e s s a r y or des i rab le auxi l iar ies 
in the remote event of a main power outage. This source is backed up by 
an additional 75 kw d iese l -genera to r set connected only to the two cr i t i ca l 
auxi l ia r ies : the nuclear ins t rument thimble cooling sys tem, and the biologi­
cal shield cooling sys tem. This la t te r set also s t a r t s automatical ly upon 
outage of nnain power, but comes on the line only if the la rge set fails to 
s t a r t w^ithin a p re -de t e rmined per iod of t ime . 

The sys tem descr ibed above, with th ree sources of main power, du­
plicate c i rcu i t s , protect ive relaying, and two emergency gene ra to r s , is 
thought to a s s u r e an exceptionally high degree of continuity and re l iabi l i ty 
of e lec t r ica l power supply. 

B. Coolant Availability Provis ions 

The unique a r rangement of the EBR-II p r i m a r y sys tem r ep re sen t s a 
most important safety feature in that it v i r tual ly guarantees the availabil i ty 
of coolant to the reac tor under all c i r cums tances . The complete sys tem is 
contained in the p r i m a r y tank, as shown in Fig . 20. All of the p r i m a r y s y s ­
tem components, including the r eac to r , coolant pumps, p r i m a r y piping, 
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Fig. 20. EBR-II Primary System 
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heat exchanger, and fuel t r ans fe r and s torage sys tem a re submerged in the 
l a rge bulk volume (80,000 gal) of sodium within this tank. All penetra t ions 
a re confined to the tank cover; none exist in the walls or bottom. The few 
auxil iary sys tems which communicate with the p r i m a r y coolant a re designed 
to preclude any possibi l i ty of syphoning. The tank itself is double-walled; 
in respec t to confinement of p r i m a r y sys tem coolant, it may be considered 
to consist of two concentr ic , independent tcinks. F u r t h e r , the cavity in which 
the p r i m a r y tank is positioned is fitted with a steel l iner which const i tutes , 
in effect, a th i rd tank. The free volumes between the var ious tanks a re such 
that even if the f i rs t two tanks were to leak uncontrollably, the free surface 
of the coolant then being confined by the th i rd tank would lie seve ra l feet 
above the top of the r eac to r . In view of these provis ions , loss of r eac to r 
coolant appears vir tual ly imposs ib le . 

C. Shutdown Cooling Provis ions 

The means provided for dissipation of fission product decay heat sub­
sequent to r eac to r shutdown a re believed to be exceptionally re l iab le . Two 
steps a re involved: providing sufficient coolant flow through the reac to r 
p roper ly to remove the decay heat ; and, eventual t r ans fe r of this heat from 
the coolant. 

Providing Coolant Flow 

After reac to r shut down (including sc ram) the two p r i m a r y pumps 
will normal ly continue to operate and flow will be reduced gradually before 
stopping the pumps . If one pump stops the other pump supplies far more 
coolant than requi red . 

If both pumps a r e inoperat ive, the auxi l iary pump provides more than 
adequate flow under any shut down condition. In the event of a total power 
fai lure, the auxi l iary pump is driven by the s torage ba t te ry power supply, in 
which case the flow gradual ly dec rease s as the ba t t e r i e s d i scharge . 

The th i rd and basic source of flow is na tura l convetion. As indicated 
in Fig . 2., the relat ive elevations of the p r i m a r y sys tem components p r o ­
mote a la rge the rmal driving head. I r respec t ive of heat exchanger t e m p e r a ­
tu re distr ibut ions (or secondary sys tem flow ra te ) , the head developed is 
stifficient to produce adequate coolant flow. Accordingly, even if all e l ec t r i c 
power including the auxi l iary pump ba t te ry supply were lost , or if all th ree 
p r i m a r y sys tem pumps failed simultaneously, the r eac to r would st i l l continue 
to be cooled proper ly . 
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Transfer of Heat from the P r i m a r y Coolant 

Heat is removed from the coolant emerging from the reac to r by one 
or both of these means : (1) by t rans fe r to the secondary sys tem; (2) by 
t rans fe r (through mixing) to the bulk coolant within the p r i m a r y tank. 

All heat t r a n s f e r r e d within the heat exchanger to the secondary s y s ­
t em is diss ipated to the a tmosphere via the s t eam sys tem and cooling tower. 
The exact amount of heat so re jected is dependent upon the secondary sys tem 
flow ra t e . The natura l convection flow normal ly existing in the secondary 
sys tem is sufficient to remove the fission product decay heat. An amount 
considerably in Excess of the maximunn reac to r decay heat can be removed 
by operat ion of the secondary sys tem pump. This would resu l t , of course , 
in continuous lowering of the bulk coolant t e m p e r a t u r e . 

All decay heat not t r a n s f e r r e d to the secondary sys tem appears with­
in the bulk coolant of the p r i m a r y tank. A port ion of this heat is diss ipated 
as pa ras i t i c los ses to the room, to the ins t rument thimble cooling sys tem, 
and to the biological shield cooling sys tem. The remainder is dissipated to 
the a tmosphere by two "shutdown coo le r s " operating in conjunction with two 
a i r - f in heat exchangers . 

X.—-EXPANSION BELLOWS 

The shutdown coolers (Fig. 21) a r e immers ion- type , bayonet heat ex­
changers of 250 kw capacity. Each consis ts of two concentric pipes approxi­

mately 26 ft long, the outer pipe being 
closed at its bottom end. The cooler is 
positioned within a ver t ica l thimble inn-
m e r s e d in the bulk sodium of the p r i m a r y 
tank. A the rma l bond of sodium is provided 
in the space between the cooler and the 
thimble. NaK en te r s the inner pipe of the 
cooler at the top and flows downward to the 
bottom end of this pipe where it r e v e r s e s 
direct ion and en te r s the annul us . The flow 
is then upward through the annulus, where 
heat t r ans fe r from the bulk sodium to the 
NaK o c c u r s . Leaving the cooler , flow is 
upward to a finned-tube, NaK-to-a i r heat 
exchanger located in a dampered a i r stack 
outside the Reactor Building. The NaK is 
cooled within this exchanger and then r e ­
turns to the inlet of the cooler . 

VOID SPACE 

SODIUM BONO SPACE 

12" 0 D. 250 WALL 

1 0 . 7 5 0 " O D .250 WALL 
8 6 3 5 " 0 D . 2 5 0 WALL 
6 6 2 5 " 0 D 2 5 0 WALL 

Fig. 21. Shut Down Cooler 
The r a t e of h e a t r e l e a s e f r o m the 

s y s t e m is c o n t r o l l e d by the p o s i t i o n of the 
s t a c k d a m p e r . N o r m a l l y , the d a m p e r i s 
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actuated by automatic control . During reac tor operat ion, the damper is 
closed and a minimal flow of NaK obtains. When the damper opens subse ­
quent to reac to r shutdown, the thermcil heads on both the NaK and air s ides 
i n c r e a s e . This gives r i s e to inc reased flow ra te of both fluids which, in tu rn , 
resu l t s in inc reased ra te of heat removal from the bulk sodium. This method 
of operat ion prevents the freezing of NaK in cold weather , provides for pos i ­
tive s tar t ing when the damper is opened, and minimizes possible t he rma l 
shock in the sys tem. 

The sys tem is designed for maximum rel iabi l i ty and s implic i ty . The 
salient feature of the sys tem is the complete independence of any external 
power source . All fluid flow^ is by natural convection. 

Because of the very la rge total t he rma l capacity of the bulk sodium 
and submerged components, any failure or maloperat ion of the shutdown 
coolers produces only an ex t remely smal l ra te of change of p r i m a r y bulk 
sodium t e m p e r a t u r e . Consequently, ample t ime is available for co r rec t ive 
action, even under the wors t conditions. In Fig . 22, bulk sodium t empera tu re 
is shown as a function of t ime after reac to r shutdow^n from full pow^er with 
two, one, or nei ther of the shutdown coolers in operat ion. 
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Fig. 22. Primary Tank Bulk Sodium Temperature vs. Time After Shutdown 
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D. Containment Provis ions 

Containment of the EBR-II is provided to preclude r e l ea se of fission 
products and /or plutonium from the Reactor Plant in the unlikely event of 
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a major nuclear accident. Two echelons of containment a re incorpora ted . 
The f i rs t , t e r m e d the "p r imary containment sys tem," sur rounds the p r i m a r y 
tank in which the reac to r is submerged. Its function is to contain the effects 
of a nuclear energy r e l ease without breaching. The second, t e r m e d the 
"building containment sys t em," sur rounds both the p r i m a r y containment 
sys tem and the remainder of the Reactor Plant . The ftinction of this sys tem 
is to localize within the reac tor building the effects of a possible sod ium-a i r 
react ion energy r e l e a s e . A detailed descr ip t ion of the containment p rov i ­
sions is given in another paper p repa red for this conference.' '*) 

P r i m a r y Containment System 

Design of the p r i m a r y containment sys tem is based upon an assumed 
magnitude of nuclear energy re lease equivalent to the detonation of 300 lb of 
TNT. The sys tem consis ts essent ia l ly of a cyl indrical ly shaped "p re s su re 
vesse l " which sur rounds the p r i m a r y tank. Over-a l l configuration of the 
vesse l may be seen in Fig . 20. The wall of the vesse l is fornned by the spe­
cially reinforced radial biological shield. The top c losure is formed by the 
top s t ruc ture of the p r i m a r y tank support s t ruc tu re , together with the addi­
tional s t ruc tu re requi red for support of the p r i m a r y sys tem connponent plugs 
and the top biological shielding. The bottom closure is formed by a re in­
forced concrete s t ruc tu re which employs for i ts main beams the bottom 
s t ruc tu re of the p r i m a r y tank support s t r uc tu r e . Top and bottom c losures 
a r e t ied together by s ix pe r iphera l ly posit ioned columns. These columns as 
well as the remainder of the p r i m a r y tank support s t ruc tu re , a re of T-1 
steel (yield s t rength, 90,000 ps i ; ul t imate tensi le s t rength, 105,000 psi) . 

Wall ma te r i a l is o rd inary density concre te . Nominal wall thickness 
is 6 ft, with the columns of the support s t ruc tu re positioned within the inner ­
most 3 ft. The nnajor concrete re inforcement of in termedia te grade bi l le t -
s teel ba r s is located within the outermost 3 ft. The only penetra t ions through 
the wall a r e those of the shield cooling a i r ducts , a s e r i e s of pipes (8 in. 
dia ) extending approximately radial ly through the wall in a horizontal plane 
immedia te ly below the bottonn surface of the vesse l top c losure . 

The wall is lined on i ts inner surface with a "blast shield" of 2 ft 
th ickness . The purposes of this shield a r e to protect the wall from shock 
wave and to enable absorption of an appreciably l a rge fraction of the total 
nuclear energy r e l e a s e . A laminated s t ruc tu re employing 3 l aye r s of ab­
sorption ma te r i a l is used. The f i rs t layer is vermicul i te concrete of 231b/ft , 
the second is ae ra ted concrete of 16 Ib/ft^, and the th i rd is Celotex of s tand­
ard specific weight. The various l aye r s a re separa ted by continuous s teel 
cyl inders of approximately 3/8 in. th ickness . 

The top c losure main s t ruc tu re consis ts of 6 radial beams of 6-|-ftin 
depth tying into a cent ra l ring (12 ft dia) for accommodation of the large 
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rotat ing plug, and a re inforcement ring (27-^ ft dia). This s t ruc tu re is c r i s s ­
c rossed with numerous additional beams which provide support for the many 
p r i m a r y sys tem components hung from, or penetrat ing through, the s t ruc tu r e . 
A continuous steel plate of 1 in. thickness is incorporated a c r o s s the bottom 
of the s t ruc tu re . The lower 3 ft of the c losure is filled with heavy concrete 
to form par t of the top biological shield. The rennaining depth is utilized 
for passage of pipes and l ines , and for additional shielding. 

Effective miss i l e protection is provided. More than adequate p ro t ec ­
tion from mis s i l e s originating within the p r i m a r y tank bulk sodium, is af­
forded by the wall and top and bottom c losures of the p r e s s u r e vesse l . Only 
mi s s i l e s which conceivably could originate within the top c losure , such as 
control rod drive shafts, require considerat ion. Protect ion against the la t te r 
is provided by a miss i l e shield of reinforced concrete which l ines the ent i re 
inner surface of the r eac to r building shell . 

Two features inherent in the design of the p r i m a r y containment s y s ­
tem should be special ly noted, in that they rep resen t two of the p r i m a r y fac­
to r s responsible for the sys tem effectiveness: 

1. The p resence of a very la rge volume of sodium immedia te ly s u r ­
rounding the r eac to r . Because of the rapid absorption of p r e s s u r e wave 
energy w^ithin this bulk sodium by the waste heat p r o c e s s , the fraction of 
total energy re leased available for loading or destruct ion of the containment 
sys tem is great ly minimized. 

2. The presence of the free surface of the prinnary tank bulk sodium. 
Because of this free surface , the maximum magnitude of the p r e s s u r e devel­
oped and exer ted on the bottom of the rotating plug, as well as on the bottom 
of the p r i m a r y tank cover (or the p r e s s u r e vesse l top c losure) , is g rea t ly 
minimized. The main components of this p r e s s u r e a re the p r i m a r y tank 
blanket argon gas shock and the dynamic p r e s s u r e loading effected by sodium 
spray . Based on a 300 lb TNT equivalent energy r e l ease , the former may be 
shown to amount to l e s s than 2 a tmospheres (abs), to las t for not more than 
0.002 sec , and not to coincide t ime-wise with the sodium sp ray p r e s s u r e . 
The la t te r p r e s s u r e may be shown to be of magnitude l e s s than 4 a tmospheres 
(abs) and of duration much l e s s than 0.002 sec . 

The p r i m a r y containment sys tem as descr ibed above is capable of 
withstanding, without breaching, a nuclear energy re lease within the reac tor 
core equivalent to the detonation of 300 lb of TNT. Although production of 
m i s s i l e s of significant energy is improbable , the reinforced concrete miss i l e 
shielding within the building readi ly stops the most highly energet ic miss i l e 
possible . However, smal l amounts of sodium vapor would probably escape 
from the "p re s su re ves se l " into the building a tmosphere through the shield 
a i r cooling ducts, from ruptured sodium pipes within the top c losure , e tc . 
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Building Containment System 

The building containment sys tem consis ts of a carbon steel "building 
shel l" enclosing the p r i m a r y containment sys tem and the r emainder of the 
Reactor Plant . F igure 23 gives an over -a l l view of the shell design. The 
shell is cyl indrical , with a hemispher ica l top c losure and a semi-e l l ipso ida l 
bottom c losure . Inside d iameter is 80 ft; total height is approximately 140 ft, 
about 48 ft of which is below grade . Thickness of the cyl indrical section is 
1 in., and thickness of the c losures is commensura te with this in respec t to 
s t rength . Design of the shell is based on maximum internal p r e s s u r e of 
24 psig. The shell is to be pneumatical ly p r e s s u r e tes ted at 30 psig. 

PRIMARY COOLANT PUMP 

PERSONNEL AIRLOCK 

PRIMARY TANK 

REACTOR VESSEL 

CONTROL MECHANISMS 

ROTATING SHIELD PLUGS 

HEAT EXCHANGER 

EQUIPMENT AIRLOCK 

Fig. 23. EBR-II Reactor Plant 

A l a r g e n u m b e r of open ings t h r o u g h the s h e l l a r e r e q u i r e d for pe r ­
s o n n e l , e q u i p m e n t , ven t i l a t i ng a i r , s o d i u m p i p e , e l e c t r i c a l c o n d u c t o r , and 
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other a c c e s s . All openings employ gas tight s ea l s , e i ther of the metcil-to-
metal type or of anorganic type suitably protected from the high t e m p e r a t u r e s 
of building gas which possibly could be rea l ized in the event of a se r ious 
accident. All openings a r e designed so as not to de t rac t from the s t rength 
of the building shell and so as to be capable of sustaining the same building 
p r e s s u r e as the maximum containable by the shell itself. At final acceptance, 
total building leakage ra te with internal p r e s s u r e of 24 psig will not be more 
than 1000 cu ft per day. 

As d iscussed e a r l i e r , the design objective of the p r i m a r y containment 
sys tem is to withstand a nuclear accident without breaching. There of course 
exis ts some assumed magnitude of nuclear energy r e l ease sufficiently la rge 
to effect breaching of the p r i m a r y containment sys tem. With this assumption, 
appreciable amounts of sodium could be ejected into the building a tmosphere . 
F r o m information presen ted in another paper p r epa red for this conference,(5) 
it can be es t imated that ejection of some 3,000 lbs of sodium with highly ef­
ficient d ispers ion , or considerably l a r g e r amounts with a more rea l i s t i c de­
gree of d ispers ion, would be requi red to produce a building p r e s s u r e in the 
vicinity of 24 psig (and gas t empera tu re of about 1200''F). The building con­
tainment sys tem, designed for maximvim s t r e s s of 15,000 psi at 24 psig in­
t e rna l p r e s s u r e , eas i ly contains such p r e s s u r e (gas t e inpera ture being no 
problem, since the allowable s t r e s s r emains constant up to 650°F and the 
maximum shell t empera tu re rea l ized would obviously be considerably lower 
than this vcdue). After stifficient reduction in gas t empera tu re occu r s , the 
building p r e s s u r e tends to fall below a tmospher ic ; however, an automatic 
ni trogen bleed-in sys tem maintains the majcimum p r e s s u r e differential at a 
safe value. 

V. CONCLUSION 

The EBR-II is an exper imental plant, however, it has been designed 
as a prototype cent ra l station type power plant insofar as poss ib le . It will 
not, of course , produce economical ly competit ive power, however, it will 
es tabl ish the engineering feasibil i ty of many important plant p a r a m e t e r s . It 
is expected that the cost information and performance data developed will 
pe rmi t extrapolation to full s ize plants , cind thereby establ ish economic 
feasibil i ty as well. 

In addition to the r eac to r and power cycle, the EBR-II will es tabl i sh 
the technical feasibil i ty of a fuel cycle which appears to be pa r t i cu la r ly a t ­
t rac t ive for fast r e a c t o r s . Although this cycle is adaptable to U^^' - U^^ and 
Pu^^' - U '̂® fuel alloys the use of plutonium is of paramount in te res t . Because 
fast r eac to r s utilize plutonium much more efficiently than the rma l r e a c t o r s , 
they will beconne increas ingly i inportant in a nuclear power economy as t h e r ­
mcil power r eac to r s produce increas ing quantities of plutonium. This will 
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only be t rue , however, if plutonium fueled fast power r e a c t o r s a r e developed 
which nneet the pecul iar technological and economic requ i rements p resen ted 
by this sys tem. The EBR-II is d i rec ted toward this objective. 
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A P P E N D I X 

T a b l e I 

SUMMARY: E B R - I I DESIGN DATA 

G e n e r a l 

Heat Output 62.5 
G r o s s E l e c t r i c a l Output 20 
P r i m a r y Sod ium T e m p e r u r e , to 

r e a c t o r 700 
P r i m a r y Sod ium T e m p e r a t u r e , f r o m 

r e a c t o r 900 
P r i m a r y Sodium F l o w R a t e , t h r o u g h 

r e a c t o r 8200 
P r i m a r y Sod ium M a x i m u m Ve loc i t y , 

in c o r e 26 
P r i m a r y S y s t e m Sod ium C a p a c i t y 86,000 
S e c o n d a r y Sod ium T e m p e r a t u r e , to 

hea t e x c h a n g e r 610 
S e c o n d a r y Sod ium T e m p e r a t u r e , 

fronn hea t e x c h a n g e r 880 
S e c o n d a r y Sod ium F l o w Ra te 6050 
S t e a m G e n e r a t o r 

Output 249,000 
S t e a m T e m p e r a t u r e 850 
S t e a m P r e s s u r e 1310 
F e e d - W a t e r T e m p e r a t u r e 550 

T u r b i n e T h r o t t l e Cond i t i ons 
S t e a m F l o w 199,000 
S t e a m T e m p e r a t u r e 850 
S t e a m P r e s s u r e 1250 

R e a c t o r D a t a 

C o r e and B lanke t D i m e n s i o n s 
C o r e E q u i v a l e n t D i a m e t e r 19.04 
Inne r B l a n k e t E q u i v a l e n t O.D. 27.46 
O u t e r B lanke t E q u i v a l e n t O.D. 61.5 

C o r e C o m p o s i t i o n 
F u e l Al loy 31.8 
S t a i n l e s s S tee l (Type 304) 19.5 
Sod ium 48 .7 

C o n t r o l and Safety Rod C o m p o s i t i o n 
(Fue l Sect ion) 

F u e l Al loy 21.3 
S t a i n l e s s S tee l (Type 304) 20.8 
Sod ium 5 7.9 

m w 
m w 

F 

F 

gpm 

fps 
gal 

F 
g p m 

I b / h r 
F 
p s i g 
F 

I b / h r 
F 
p s i g 

m . 
in. 
in. 

vol-% 
vol-% 
vol-% 

vol-% 
vol-% 
vol-% 
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Table I (Contd.) 

32 
20.4 
47.6 

60 
17.6 
22.4 

47 
12 
2 
66 
510 
637 
hexagonal 
2.290 
0.040 
304 SS 
2.320 

vol-% 
vol-% 
vol-% 

vol-% 
vol-% 
vol-% 

in . 
in . 

in . 

Reactor Data (Contd.) 

Upper and Lower Blanket Composition 
Uranium (depleted) 
Stainless Steel (Type 304) 
Sodium 

Inner and Outer Blanket Composition 
Uranium (depleted) 
Stainless Steel (Type 304) 
Sodium 

Subassemblies 
Core 
Control (Rod and Thimble) 
Safety (Rod and Thimble) 
Inner Blanket 
Outer Blanket 
Total 
Configuration 
Dimension a c r o s s flats 
Hexagonal Tube Thickness 
St ructura l Mater ia l 
Latt ice Spacing (Pitch) 
Clearance between 

subassembl ies 0.030 in. 
Fuel Elements (Pin-Type, Sodium 
Bonded) 

Fuel Pin Diameter 0.144 in. 
Fuel Pin Length 14.22 in. 
Fuel Tube O.D. 0.174 in. 
Fuel Tube Wall Thickness 0.009 in. 
Thickness Na Bond Annulus 0.006 in. 
Elements per subassembly 91 

Upper and Lower Blcinket Elements 
(Pin-Type, Sodium Bonded) 

Blanket Pin Dianneter 0.316 in. 
Blanket Pin Length (Total) 18 in. 
Blanket Tube O.D. 0.376 in. 
Blanket Tube Wall Thickness 0.022 in. 
Thickness Na Bond Annulus 0.008 in. 
Blanket Elements per 

subassembly (each end) 19 
Control and Safety Rods 

Configuration hexagonal 
Dimension a c r o s s flats 1.908 in. 
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Table I (Contd.) 

same as core 
subassembly 

61 

0.433 
55 
0.493 
0.018 
0.012 

in . 
in . 
in . 
in . 
in . 

Reactor Data (Contd.) 

Control and Safety Rods (Contd.) 
Fuel Elements 

Fuel Elements per rod 
Inner and Outer Blanket Elements 
(Pin-Type, Sodium Bonded) 

Blanket Pin Diameter 
Blanket Pin Length (Total) 
Blanket Tube O.D. 
Blanket Tube Wall Thickness 
Thickness Na Bond Annulus 
Blanket Elements per 

Subassembly 19 
Fuel Alloy (Enriched U-Fiss ium) 

Total Core Loading 363 
U^'^ Enr ichment 49 
Cr i t ica l Mass - U^̂ ^ 170 

Fuel Alloy Composition: (Fiss ium) 
Uranium 95.0 
Zirconium 0.2 
Molybdenum 2.5 
Ruthenium 1.5 
Rhodium 0.3 
Pal ladium 0.5 

Fe r t i l e Blanket Mater ia l 
(Depleted Uranium) 

Total Blanket Loading 28,100 kg 

Nuclear Data 

Total F i s s ions per c c / s e c , at Center 
of Core 4.4 x l O " 
Neutron Energy Distribution at Center 
of Core 

Flux above 1.35 Mev 0.8 x 10^^ n/(cm^)(sec) 
Flux below 1.35 Mev 2.9 x l O " n/(cm^)(sec) 
Total Neutron Flux 3.7 x 10^^ n/(cm^)(sec) 

P rompt Neutron Life Time 8 x 1 0 " ^ 

Reactor Control 

kg 
% 
kg 

wt . 
wt . 
wt . 
wt . 
wt . 
wt . 

% 
% 
% 
% 
% 
% 

s e c 

Power Coefficient -3.2 x 10"^ (Ak/k)/mw 
Doppler Effect - Average +0.04 x 10"^ (Ak/k)/C 
Isothermal Tempera tu re Coefficient -3.6 x 10"^ (Ak/k)/C 
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T a b l e I (Contd.) 

R e a c t o r C o n t r o l (Contd.) 

T o t a l R e a c t i v i t y (Worth) 
12 C o n t r o l R o d s 
2 Safe ty R o d s 

L o n g - T e r m R e a c t i v i t y Ef fec t s ( F r o m 
C l e a n to 2% burnup) 

B u r n u p of U^'^ in C o r e 
Bu i ldup of P u in C o r e 
Bui ldup of P u in B l a n k e t 
Bu i ldup of F i s s i o n P r o d u c t s 
I r r a d i a t i o n G r o w t h of F u e l 

(4% Growth) 

Hea t T r a n s f e r 

Hea t G e n e r a t i o n in R e a c t o r 
C o r e , C o n t r o l and Safe ty 

S u b a s s e m b l i e s 
Upper and L o w e r B l a n k e t 
Inne r B l a n k e t 
Ou te r B l a n k e t 
N e u t r o n Sh ie ld 

Hea t G e n e r a t i o n in C o r e 
R a d i a l M a x i m u m to A v e r a g e 

P o w e r D e n s i t y at R e a c t o r 
C e n t e r P l a n e 

Axia l M a x i m u m to A v e r a g e 
P o w e r D e n s i t y at R e a c t o r 
C e n t e r L ine 

P o w e r D e n s i t y , A v e r a g e 
P o w e r Dens i t y , Maximunn 
P o w e r D e n s i t y , Majximum to 

A v e r a g e 
Speci f ic P o w e r 
M a x i m u m Hea t F l u x 
A v e r a g e Hea t F l u x 

0.046 
0.014 

-0.02 
+0.002 
+0.007 
-0.002 

-0 .011 

53 .3 
1.2 
5.2 
2.6 
0.2 

1.33 

Ak/k 
ISk/'k 

Z\k/k 
Ak/k 
Ak/k 
Ak/k 

Ak/k 

m w 
m w 
mw^ 
m w 
m w 

r a t i o 

1.17 
0.89 
1.37 

1.53 
314 
1,030,000 
680,000 

r a t i o 
m w / l i t e r 
m w / l i t e r 

r a t i o 
k w / k g 
Btu/(hr) ( f t^) 
Btu/(hr)(f t2) 
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